r ^ I I i\ \%{ > 

NO s\ Si n {■v-^ »\ H U ' 




A MULTirL-g: OIANNM. mKMSS JRECEI VER 

Hse l»v8»tion relates gcne-tally tcs a wireif?ss commiiiiicatioTis recsa v^er feavitig 
m«lii;pic "ccrVer ehaiipofe wireless c^njBtUitiGatiOTis, Mors pastjcukrly, tlie U5ve-Jjtk>» 
i^ktes to a syst^^m ami me&od adjuslmg auspliiadcs of ai^ltiplc rcodved Momiatioo 
septals «ssomig<l xnt|s ssach f»*ceiver ch^ad, far opiimisfallms of t>*celved sigj^id 

tnQdvii^'^d camia- ^i^ids fet are wsrslesssly staiismiued Imm & ts^smissi^sa source (im: 
sxsmpk* a base tr^nsmysr «joa) to one w more reedvei-s (Ibr example, $tib«ciib«a' 
ajsjts) wjtfem an area or regioa, 

A form of vvitekss comniimlc&Jion iuckdes iauitlpl<g trasmit ant^ae and/or 
miiitiple receiver aatsi^ae, MuMpie anteaaae eommim.ieaUm syst^s cats supi^rt 

Tes5dv<jr I2<) f&Howing masay diff^^it (muMpk) b;ajssimm€sn paths*: 

initi^'cs c $nsc4 by « :ikcti«> of sigfif^l>; );>lTctb;of~>< he^svwn Oic ?;-Ai^;\t!n.-' .i':.! roc- 

SigHvUi^ aiT^ve at Jhe txxdvcr later jh^iu ihc pdmaTV >ifgnKJ 1 Hic tbi.v u'-ivju^o.^asuf, .u, i< 
multjp>i5h 3i£:;-al? o iiic&uae xsitcc^ymK^l bitcfcrercc t,.iM-'*^t!or too c vxi sif,n,*'. 

rbc actual jxtcivt^i s^i^itial Snciuiis a a^rjjhiruikm d j'u.^. o \ ..'aiJ scvc5<.l 
i^f!ect<3<l srip^als. Because the disfeucc traveled by tBe otifjiial sigx^ai is sthort^r than the 



ffoo m«inpjs f ^ ' s ^ !^ > 5 JcJ ^ .tUK.r h v^r ^1 i\p <. *'h tvi. Its »t 

fedsiig of the moduialctt * v t si^i , , ^ <^uni^^ vausci* Cio itoJvUa oi ^.^lios N^ijnd^ >o 

Spatial suulijjslcmg IS e tosms^-sjua v>.vMiol<*gv fni exploits aialtjpk tUttcmiao 
at l>c>U) the hsy^ te»Sves%fcs ^tsitsotj a»d \h<c^ subiicnb<?t imm» to Inci^&s^^ the iak w a 
wif^iess ra-dio Unk -vv ith no a«i<.htK>0>jl pQwcr ox tedwsdlh cotssraiptiots Usadst certsis 
oi?nd!.ttom spaUai mBltipleTmg oHeis a Imeai uicmse ui spvX^ttsm «^a«rr«.> vi, ub the 
n !'vj < ' i.t ^ Foi example, I'^'tkree ^Isftmas a-s. "ived a* 1 e ? n^Si^ii 

^ftfosit x«'ca i^fO N 5^ * >Ut into tliiec md«,pfeix1c> ' sub u s .kvv ^ h ; 

&<^uence m co^^divjsjoa m«ltipfe access protocol or a sajt^e SfpmM uvcysi hc^imn m 
«. sskvJT' TR^I ijf \ ■3».o*.^*i5s |fmt«>c»>l The sub?.teaTnj5 are 3.pphs?<J scpuatdy U> Ihe 
i*<>aNmH *mtcoBnf ami traam^ttKd thr^tsgb a m^iQ djarmci Dae t*-^ the preseaco oi 
vanoa^ -scatisuiig obiecis m the eiivitottmisnl., cacis &jgn&l tsx^neacess multj|mth 

spiJtjal si^amrc af each of the i^dved sigsials iS e-iistiirated Based «m the spatial 
^^<>r<5..i'T V ^ 'v ^ j^^osif pn>4:eJ«s!iJi^ tecls«jqu.« is ^1ie<i to s«.psnite tbe ^igaais, rcoaveriisg the 

Figm-e 2 .^jows tec ttansmiitsi ^temta snays Hi), 22m. that trarsMBit (kta 
syjnbol't tx> <=t weaver atjtgntKi aiTa>< ^^Ak) Badi tiaa^sisjtter aatcna^ m&y a»<3 e^ds 



V ! ! » ""k) --pa) {i„<^UHMX«.-* <^^as v^i 

V Si. Ua'- a> K , I! \ 1 ^ 1 H 1 

'IK u' N^, u> I ' 1 \!N t n ? \ ^ i <, It 

n-r'io-<5*M^4n Und sU'cf^t. forma vctes», I'hw s o for addt tovl t -^«33tr 

>^ cp o"tssmg cl e i ik&x assume cha^ rel ki owl<jdg<> s*sd i tigaiv pctfomia as losa ii:^ 

foot ^i^'^'^n ' siO \ i \ ! d hK' 

p ! ? iu ^ i USt is, > t 1 \ S ^it 'O O t_ 3?! u ' ><• 5< b ms-iii 

St ( t>tica1i ooof ^ftdonj m«inor I h<. elon x\ hen vXic Itansm. sssot\ t H,Qd iS \ au-s* 
dae to tlic dtfstructjve ellects ef mXti p&th mt<eijltence, ajaibvr of tiiv Itmsj ussioiK 

V hi^'-^&\ u Mkids Li Mufes B from u?ih By yjtt«e i>f th«! 
u^h'nUMiv j« oxKiov? b\ x'rcso 5')dcjientioittt*^> clis«mdjs., 4 secern'^ ottcn 

s gi ai vistvl tud^s tK^i arc dii^emn tro^ eacls otixer Addu Oiuiiy, aoiSt- di^tortjoij 
. <?f;v ctsjted w tJi csaiiif Tsxetvevl si«tml$ *l ^erem Maltipk cfeaxmel umw^ts 



iiie mx cufeoa kcMes a aicthcKl and system for adjiistmg smpliUid^ of lecesx o 
mform^iOB sigrt-ih of maittpie dmim,! raceivet^ to M^wmi?^ the ^Ifects o^^^<>l^«? md 
dtm&r&m The m-vctstton alsvs mckte calibmtmg cf&cts of boss? md dmmson 

A Btsi etaboduBCBS: <jf the xaventao^ mcludes a raothoJ &>« iCcc-iMiii: a pmsktK' i?r 
kfoxsjMUoa ^igssals ai a recesver, Eaeb {afom^atea &igaals Mvek Jhmttgh 

di^aijiels, ^ seceiYsr chamel comjspoadmg to cmh immmB.im ckmmh Eadi r«csivsr 
raceivess a com.«.pon<lmu inform ^iiotj =^jmal An tmf Htijde of t sch tecex't 

each ofihs ts^vvti iotbmation sigsals arc approxw^atelj? c^rai 

r\e f -^t «mkxljm«til e^a fuithss jnefctle signal prooi!^^s^>o^: o» too a^tip^auuC 
adji^i^CiJ iCAn¥cd t5sfomiatio« signals ^safeHsg m estimatioti of a icce^vcd m&riBatioii 
ht Jit? ea^^B The sijisal processsug o^ sBoMde spmd ^oc&ssmg md de«i\>\!«laUon ihsi 
fo>x dos oxJnn^usmof tVrecetv€dinfsnt>otH>i8 hii >,n&dm for spatjaiH m5d*ip^^\ 
.e< >-Aod ^atuuaatjoa siga^as. flic stgstal processing caxi jBoIude st^aUai p^<. > *u^o 
k*^iwiuknuTj 5bat provides s^jmat^oa of thss received n%rmat}<i>ii bu attismi fcr transmji 
dn stsnv io»'ci\^ kformstjotx st^na^?; 

lelcrvUt,*, dtid a d!s.toiliv^r^Li&\ltC^\e k«r aidu^^ m c-no si slKm ot ''h\. fc4S\d 
..4. 



lit 'ft . Uk 1 . Jis > ^ >hl i^s^ i-K I ^-i- d 

ml -^lax i u< !^ t>o i J it UK s^'iia' ^lix^i at ^.a*. U v> 

t^get enor am he slysasrac depcadrng ypoa slgaal mi^r Th^ uis^^^J ottijr coji be 

bang addiuonalh ^&5d L--? ..a a»*nwsi$ ot wpim>ti<>i. <>a U.k i<xen{.'U rA>mi>^H0< 

Ik ma iikht <*r>slH' uhhI i>»r .!U-*'«-^ iq 3c1c<^n«t a ntunm ^nor? mode «>tthv wl-onnatoj 

UiaKet ij\i.1udcs r^cuvod mferniatiou iigaah feetn^ multiple easier sigj^Js. asid 
calibratmg o«*ch toe«tv«i ch>iimd is acco^ipltsfeed by jecawig aiultjpk camei vtgnah ia 

<^?i«ieaee i!is? <Jistoxttoa retkcsee of eacfe miej^tj ck}nn>4 cm be ostuiistoJ d ^ ina 
iK rec*:|stim of tlie auOcd sub-cat ner rJibrsnuf csclj ieceivet chmm-J w K 



s.j^iuls St a, r<>cciva The ktbUQsisotj $sgt^?l$ cacK tiavelmg fewu^ a coiTsspos^dl^tg 
insn^iris^iosj cb<«sje1 The receiver mdudes apMi^^j^' of a>;vivct chaxijjels. a reces\ et 
Umrmel coircspoaditig to ^sch ttansmissioo chamseK F<«c!t Teceivst diannel tseejvei* A« 

xi.oiXi-d H\>s lunsor Si ^ , K a? ^ »,pf,^ioxm^4 cqu {| *o s '-si tns'n^ tii-^v? ^ ac!i 
^siasniaifefeos bit stxe^^s* 

&nhs3 itsdwdfe suigs^i t.-^oi being esjshmiai b> sSumMUg the no^se ftfereace ih& 
dtstojtiaa tefesmoe, Th*? smp'jtadcs f*f the recuv©*? mibnjialjoit signaliS can be 
asidltioaally adiussks* m ih&t tlic ^tgrtal srrer of esdi of ibe received lOvJo.io^inoa signals 
lis appw>n^atvh' equ J "^hc j^ii.e j^^fv? erot? ih*r dj!ito't!(*n te v?<,sk < c<y^ bf 

c^ihrtAms c-ach ivcv'ivcf cb^nwl is ^cvompiish^d bv yecaving mnltipk earner ^siga^h m 
■^hx<Jk at ioss^t 0B«? feUb-cjme^ of Ibe received mtiitipls camei si^alis is sulied The mm 
r^f^ruasK. m& tl)c ?U&lottJ<m r%jf<?reBC« of «?a>5h reccj'^fcs ohatmsl cm be CNntnatcd ^ww$ 
tljcKtvcptsmofilK juj.Hsd'^ftb'Cstie 0^¥mtingeac^ iccmej cfeaimolcaiik- 



embcsdi) imi Juitfea: i i.ctad^'s momiwiig . noise- r^tetxjncc md dtsSo tioa cteictK^' 

sitts 'Hie deicnitjrad t:8rg^t_jii^«1 V3l«e caa tlyj aa 'caily gdjmfed depajdmg upon 

Iticr -^iijrul c tir a^ssoctaLt^^d %vtth cx)> of he srrom 4 on Nj^-d*. s-j bi? siJji,<;*cd 
tc> feu"-? mii ^Ih vt. 13 •'1 to dck-^jrMtKd target ei x> al« c dctcuim\<xl taig^-i ettor 

c !. v ^ \ a ' 

d5 V \\^^gs^^ « Iui44i ^un^j by a> ot oxanrpk .be |v m ip>N ot Uv rtx c ^tioii 



Figure 1 shows a |ii jor art wekss systm \ b4 vncU^dcss iT^s^jfepl^ p&tfe tVoni a 

Fig«T« 2 shows a prjotr ^jt %vl?x;kss svstM5 to inciudass ^^Ahaily sep&Me 
ft-anssnn '\>t ^.ui ^ -s.H^.^lW' v t>aiaH wcivct aiUcmiac 

mis® M# imerfereaeSv 

th& mh'^l m^^txm si^aJs, ajad the p&wer of re? wed mfmmnm sigsials. 
i-<ig«n' $ ^awss a flow chM of stc|>s or acti ijscluded ^'Miiii m m«in?esit of 

Figitre ^haws n Haw chm <.n ci acts ii^kaed wirUtu snofter snibadirxsent 

tTi & method and syslm fer adfusdag ^pUmd^ of receive imbiMon signals of 
^"0 d'r ^'o Jid^mi] ^^ccnc^\ to mi'mm^c the effects of fHvse and dCsU-^nion. The in.vetjtu>« 
t^l^o nk\\iV<? -iimritmj.' ihi effects of no^se <i^id tij^tajteii. 

Fsrltciilar etshodJssi«?st^ of thepr«seat iti^-e^itiOB mil now be d^^scribed m d«tsil 
^'s^ith rcfacrx\ K* tiu. amsi% flgurs;^ His? technmues tbsf preset mx'ention xmy 



Thus*. i< s jUiik u .^H'in atscj? {iK l>ast, sj^auo >. ,j temn <. nd be ^'b^\,nbc>s 
MS sjecexvci^v ^-vl upbiik ooBUSiuHCdliun lUt b-3s»e sutiw* is d. rtec^ner ..>.n<] tt^e 

%iib%Qnlim: ladudc do\ sucli 4$ poiUlsk tcfcphosses, car i^huues. ^4 suimi^ 
seeejve^ such a «fesles^ n^odem at a Bx*?d locstioxj 

<'n ' V ^lUOU I H ii?! f ^ xf-^^ ?'5q5 S. IT n^^M 5 * ! t *>Cr 

\x J s up 5 > i! t so s h xn^tHji*K sp<*Mj 1 tlL * vV!.. j,k„or 

OistpuuMPvU , -.in i ^kv h Oijs iv )ou. i ^'-•^ t h eiUvs o« hv-so ;.fm6^iu<^tic>0Nx die 

leotouauts Allhcagh Sic tecliiisqacs of the pt«3t?ut ^aho.i .joplv m |>ou't-lo- 

eommusTcafiot? ?\^tiui» having ica$t two dewir$ m wjrek^s connnuMcatioa 
Accordfegfy^ tor smipkciiy, tho forox^tng descnpum mil focm ca mvsjj^ou <^ 
jppovdtc a s^«c:k tsaai>inittv>-sx;{jeiV«jf pair, e^etithifu^iti^i sssjdastood limn appte to 
-^leii & xmJx ^.nx number sji s'\hp^«s, 

foBit to-nix iti| «»pplK d.mv^ of *ht, > nx K.nl or i^mm hide \.mK>>. \ «s ^ o 
iniup - Ci A* \), n^xxgonal &«<^icne>Hlmsion multiple access tOI?DM<\)aad 
Ike If j.os-m'N&^H>M u»i bv vtjrc t.^«\ibxo» Ju^-lex (IDD) Fijut is, the doisalink 



ddctoous efkcts M adifeUca, the p«s^c© of suultipk signal |*atls$ i^ae lo rcilcctwtv> 

cbaand ictponse over di^ &*jqucwy bajsjivddth. md tfeme Vvsn^liors »i<i^ d\a»ge %\ *tli 

parf4?p<.tcr> .-uch date cspiaciH, ^po«U«l v'ff <.ieac>, tbioug^^^uU Jii^d sigi^al 
pamiietci^ e g , sigaal Mmer&rDiKe md mm: ratio <SJNRK sigtial to noisc ist^o 
(MI 

v1ch\ed o 3 pa^K:^ii«r modt5«iuf>« n«ps; r^iie, ^s. f auuuUj Cv4^ t>i^^^ sad sats? anO 
ms> aKo I'lcbide othsrr eo»toUciil a&pccts of tmQsmi$Si<?a such ih^ use ot AiU<?,:i^a 
«^ivt'f5s5fy 01 spslisl multipfcxmg. Using 4. partictiisr traasmsssioa mode, daU mtouled lor 
c^>»myrac4st?OTi over the \vireless?i chasiad in c<.xl<sd, modiilated, asd tranOTJtt«J< 
irXvUnnlr*; if tvpsc-il coci^BgitjO'^^.'s srocoBvs^lutoaandi block c*(ck5. .mi ujotc 
j^ataciUai.y, tod^-'s vijowt^ lix llie oui s**cb as Hamrmsg Codes, Cyobo Codecs a.Hl lte<id- 

ooiammiicatiosi systxisas %cll kio\-vis m ^je art 

TvT Ci? V. ?!.h s s^nnuasK delay-spread, t^pJCiKv oru5< ^« <,A *i \jna^oy 
isaos miJitspkoa% (OFDM) moauktsoa sptem (ssi will be dt's^rxtbsid kia) is 
emp1o>-ed Tb m OFBM sisysiem ifeat mcMffis Biultipl^ ihsquency tooes. ihi. ^eUy ^pressd 



> ^20^ HK>Jn((ni. i(,m\uito-^ ti.i,obxl am s-Kksv^-s j 

iSfOBveiter md ^ ^saio^ to digital cosvemr (ADC) I'or c^ampK 3 fusft -a i^j^^v oJ^Atrs 
nK:!adc% a fiist sdj^j&tahl« ctomt 310, a tlrst ^a«acy c<.>i5Veiter 3 U s»d a first 
ADC 314. A iirst digital MfUSUblt gab decant j> k»B Ix-m ^'nclutlM m d^ct u. 
possible Ji^cluiJOR of ggjtj ad^itsirn^^tn .n\jr f be tt M>C 3 1 -* A sjccu^a v^?r c^s^jr 

<,^i^i\i'i mi K< >.<s \j. i s i ^ ^ \i i <.i«c?ic> coamtef 

^3.' * Nth 'iOi 334 An NUt UiviK^u ati)»\t^«h.u gnn o*oai»ai has been ?tsclu<iqd 
to depiet A (sos^tbk xnck&jon of g,%«i ad|\ism>ont after the Ntii ADC 334. 

K'ro$\ct coBtroller 340 g^s&erate dnve ^sigaals* fi.>r t^e ad|ustabk gain ekm«its 
3:;0, 330, the lre*jttei^cve«>iiv«rts^3l?, UZ. ^^2, asd the ADC& 3 14, 124, 334 
Tlie Adj-u^^ubk gam demo«5s 3 m, 330, 330 ca^ ii3Ctm« or dsc«?^e asipfetudes ^fxh€ 
mfonn&to si^h iecwed by di^ receiver cbam$ Con^ol sisals ml^g adjii&uble 
latn elmctats 33<\ 3:?i\ 33?) .ie de-^igsuled Al , AJS 

WvMnefKv. a xi i.ho nciiik'ncs romc^vviS 312, 33:: 33": <k^i- ^^.n^^. * ibo tcv« t-^^-^ 
ia&nBation sj^m^tl^ to *^ ecmmoa base h'md toqwmcy 

Ibv? ADCs 314, iZ4. 334 jjaraplc fev* atiAl% baac batsdmformMoB sigaals 



that UUcmjmciliat >, m i ' cik^oijO tJx ADC^ ^^4 t ^4 can ^.^iso be 

hc^n mdxi^^id to show thai ihe amphmde's of tfee t-cqav«d i^i<MB3ato signal can ?lso 
^justed m ih& digktd liS^plssi) doiisam H ts to undmtovxl thai ^|sj»pej\«v do'^T' 
coTxversKm of Ihc iw^ived mj^iOBsfeoa sigasl c*m also iaice plsce iXk th?> d^ita> doitiai?> 

1 tecwsd mfomiaisoii signal's be tRn?s?5Titt€rd &v;m & mmtmttcr tk^i 
lt>cl«dcs k s^satisl separate sfe'evims Uiosorj- :>x'ch a ir^jsui *tos as^plscs as t a<,odi5 

A U<^uoo.a <ito« aa4 sipatiAi block 3ix> pm^jim^ wes^ ?^ prvjcc^\xa-^ to 

TOOver I ejiaxka sstrestm& The recowa-svi k s(r<.sws are ssgsi^t Ui^tocSod, d^wdod 
md d^multjpiexed tbr xocisycry &e data In the case of ^iteim (i«'essit\ ^romsmg, it 
siKjyM bo mdessiood that k iS equal to one asd tijus. thet?e only a sjiigle stream 

W *.mbodtJ»,eiU ot tiic uiNvi tjvtn' vj'idv^adH'^ i^g ^pntuOeo* <■ i w\nrd 
!intb«>^atio«Mi,TiK*s«>ci^?std '■.?vh >o{ ^nsL i\mn \ u U d(,so>i > 1*^0 

?c<.eji, <d xtktomiiiUm signal gTOOiallv includes bod) nosse aad dsstomcfis 

t tgme 4 aVvv^ ay i: «oodiUK' i ol il5<* rj-vtsjntm m \\ Mch nomcm oi wise ar5d 
uHeUtnvJiic?- arc dcvi5d<i The ^ eccivtd its&tmahOB s%sals airsady &avc mise mad 
d:s*o«3oa cot>ipv>v«M« a^fsoctaled Ihtsss evv« bt-fee bmg tvceived hy the ^ caeiv^ 



Uistomcu fo ceo V 

hi !U ^^ \ -"T > U£ ! s ! ^ i i > n s ^ loo JUtuKltC^tCs 

no vv.' mi,£ V oni ■> s.ani of *h;^ fttv> disVjn on source dl ,a4 Uu* H <?T '^r' Si. 

^o^*,t<,<;- >r a\ vUv \j. ON\n ivJr oil t.> -^s*.!,^ .uxi-^ 

K atntnirv I'liccoilnbuto of tlicabsolutcioisc rJooj uj ea*.h or hcjxx. i r 

adjtist^legait elemeji^«5 ^10 520 .*A> ^mph^v^n^g reamed i fom^asio f sigi aIs 
tnc e, §fcg ifei? pht^des m4 v ot^e of th® v«?d ton uuo \ si^afe i^lsUve to Jlie 
^bsoln*o roiv Hoot »t tlie i«cciv« du? t& So ^eamll ^ it is. desirsbk ix msMtn th^ 
> tbe ad i«nU 1e g^sn desu? H II 0, 1 ^0, 1 

Signal (Jistt^jtao . ootttubu^dbvccb >f iK* ^<rvcn(ji ^ ii> i- L"-*kndH ^s'*!. 

s^\i \ V u mph Ui <.i<.nv. ) ^ \J o *thu oUK 

<{ s be M o''? ^. > n' a t loo i.6£ <l, ux 4^->i . ■> K ^) ns > 

n f^mxi&t^on ><i<^mH n kt d <!*oibO{ sxs^trtliutJOJ s Cv '-i he aerated l>> tho fia^ut, c> 
eoavertfeiis 3 \ 2, "^22 ^2, ^ud ADCfe 3 1 4, 324, 134 Iher<.tbTS, mfrxly 'Adi-ama^ the 
Ad^u ubic ss^w i?1ar€^^*s UiK 3i0. J^SO to & mij^u ?a otait ot ^ can coatubutt 

•43- 



thi-eMJoU v^fi DC dei^jmnwd thu^^h s laa^f sot* anC'O^ stiug «>t wit doss uaasm'^-sJOB 

ireqiKsscy di>j&jot5 miiiupkx lig irc.uac ds^id-ng th«? .iv.nkbi^' 

caiT5«f ^ iixr tosies) th^^i divids trajtsoiiUsTd Uatsi actos$ a^M^Me i^qassncy ^ec^x* 
hi O^BM systems, eafili tone k coasidertd be orthogumi imd^endssat ox laselstedl 
to file adlacent tones OFDM sysietsss us« b^rfsls; <?^di bi«st of a d^saiion of tim« 

ito n much gr«s4iir il-^an ths <^«hy to a^am^^?* Uie elfeci I'M c auv,ed by delay 
^p^d Dsta IS tosmiUcd m lim&B, md eaoli blast rnvs^jsts of d c\<«,ii(. |>t< a\ foOoi^jCid 
l*y data svnifeols, ai^d'ot diU syssbo1& fbilcwed bv a cycbc sulllx 

Figuie 5 shows fTC^iuetKy sp«^^* of OFt>M sub-cmier signals 51% 520, 530^ 
540, 5S0, 560 e&ch sJijb-c^^ ^10. 52^, ^ H\ ^40, ^ 5l\ 3m tt modujsted fey a sepanue 

symbol 

Ab example OFl>M Mgnai occu|>>Mg 6 MEf \h up of 1 024 mth¥:d^^ai 
c^mt'js (or toaes\ eacfe csn-jiag a jsmgte sp^bol per bsest A cyclic pnjfix ot 

&\c: d 'Vui-^ncnaL^ fie c\chcpf?*Kx os cschc vtlKciuafj^th ^a^^n-K tjanjii <^o\ 

o w ^ I V ie^.uxvi" „ v'* N ^ ^ < * J s no X n h ins 5 n iU: fci^^ isls ih L>ot a i'jk tK^^j 
of anv samples i eo: pi o^- kv <i> bv m u v. v is. i * > n i < '^.^-iirs Tim &ydxc prefix 
muj>^ htf piiait^'" I* 4}\ the <kk> ^^rcsc^a vhv' mu\ip<iiij 



Iho frequency ^yccirm^ or OFDM ssulvcsr^ex Sipx^ij^ .N^^F^gice oa^incKKte at 
le^st ont. of ilje si^-ami'^, for exasTtple, sub-osmer *^40 tk-u is iJ^iOiul Cabbm>m of 
the notm distottion be made the feqtkw tmie dot of &e Bulkx^ ^ i ) 
Kml^ 540. Without d sixb«ca^ier being tr^^mti^ the csOibmt^ taBO ml *k\iuon.: 
slot ofths? mocd sub camei, O^e sordved sigjisl cmsmtJi isnnjanly ot the .s^anAl error 



system iS $vl>st<xitiaUy bvitoi Uuu *t ^js>iutl t,n\>r i.^tuK<iht>K or cahbr*itK>f^ obuu-ie*.^ D^ 
-eRM% ^? ^^Ms i oJ a ^tnuli- ramof si>>ian /.eun^g tlic carnct of^ sragle? camet 
^^ystem etotsatcs m signal ssxto &e teic jsIoi occupied bvthe ^droed 
As a result tbe compotie^jts wiihtji the recs?n &v chains ^ilf mt jfasiott dwmg tte ^;aoal 
csme^r. Th«>§fot^, Oiq «?5M«ojt of the iss^al mor duriog tlie i^tmd cmi&r smgie 
ijanier ts m estsmstian of tho sigi^al morphea receding a aon-yero^jd c^n<f 

However, «stsm&tioa of the ssi^l utoj u^ii^ a ^ersjed gt«»-s;smei' wit?m a muittp!© 
catdst sigaal pmvule« & well jrort ^Kct^ritc c-^t^wtc <(f Ois- i-i^tia! cnot 1sc;c4a?«: du-^uj^ 
the to^ss'os oftJ)© oTsrwd ) - i > ' uHpos-t. 

t^to iKsj casTii^fs t.hd{ . can Ik^ boosted pc-^cs vO\cl to Ccurpi,>.^!:.te \-vr 



Flgas^ 6 dmws ajio^ia: anboakmt of Ibe mv^Uioa that kcludes the ability to 

FxgVire onl V ,jJk>vv>5 a ^uigk r*«d\'C chani It i$ to bo uisdetsrood Uia. *.avL k uxn 
Cham of a saultiplo obmix fyh&tml) ttcmt can mdude the features »f the recdv«r chaits 

As shox^t* m pi-evioiis etubodimmts a receiver antenna RH receives m 
mrotm-^m-n d^al Ab aatbg as^ustahk gam dsMt 6H) modifies the ati^pHtude of ths 
i>5C€rlved iuiomialiasi Sigitai A fi^Bemsy converter 620 fequwy d<mi converts iha 
Rxeiv^i mform^tiori An ABC 630 smi^pks die lk.<|«ency dowu converter 

-vis- 



v^c J I MX!**.::;: 



V 5i> 1 , ^ nl uuiu cJot 01 \ lou^lv OeNc-'bciv^ u ^^c slot ai tbv 

dunog ^ /croed $igijal itme slotv tli*.B il*e s^tisitcs!* -eoikotor 650 cftm«s*clcd to tiic pte 
l-FT Mock im I alhet b«t<!s:« d?id;or ^llvii the dspid adjustable gam dement d35) irth<? 
cabbratjujt perfomied at tke tmi«? <3f md at thu tr8<^U!i.acy of a -i-s m toise, ^ksu tisc 
ssAatjsto c^iOwtooL h cotmcclsd to m omput of tht Mock 040 Ccamccting 

fee stmiste collecsor €>S0 to the ounjtit of this ps?>M~l'F f leqmr cs Ihe m:ei¥cr be lecke^l 

In eithvjj steltmg of ^attsj}<^ coUcs^oi f*50, ^ sample i*^ made xjpsss the received 
tfipat where a tats^^mt stysml «3ocs aot vXiSt Thts provides, a T^presesMjon oftbe tjoise 
»3<.1 dis^oriioE of tbo received sjgrsM*;. A s«teple iss, made whm ? ia*bt«tatioa signal 
>^ V. o ^xisi Th V -V i\vy) v,<nmle!» (sa^npk wliba^t ^ ugmt vt, it, 5>a ^mk ■<-\ <i j \5] > 
V HI ^ ' 1 OM ire V Nik'n V 10 !>^;gav I es ro' \TKn ^ r"'^"^ ^ti^k rt o^^f * As I'i i I 
^^'■'i'ru uu t 5N < it vo >t. k^f^ui>) tU xIm'- '^ Ogata dements 610. tj3^, 

\ '^v oti« $1 ''olo<.tot Cc*omnf.gs x^hv^dKn ihe <*diijs*ifti-^t>t o5 lie 
analog '^djitt&^abA -is' ^ C .ikI ^ l<<u?K<' ^t^^i 5 vi'^ssuut ! 
<dt,c< fftt»b%hs.<iM i.0 ij-ii „x u c vmA wM^' <cj^rai u a i<i{Let._--{< ji , < ! 
cotni^m-'ig it& wuK wtfl^v'>iit ,^ sigr,*) x^jtii a *ar^„«^r 

\ -> \l cotabmet fe54 rwej v*^ si|^ inputs* S ^, from oAe > u . \ u Ji > 

>ioiteK<-otnbift^ri>*^(>^'ccc'ics&i4nil ^^Mtipt^tfel' r2 feu ethsrricmVvi chains lite 
-16- 



3djxi>>.i3l>k ffBti d*»menl 655 The ilnvs; controls of the saitM^ke ^am ebt^iyalN ^ i 0^ <i ^ ^ 
mil go*iver^ upou a scttsag m which ihe sigsal satrpk is afspioxjm^dv ^qtial to t^ie 

second Imi pass lil ter (L PF> ^65 Btes or averages ifec output of tisv s«.caM cosiiparaot 
owj &&v«jral Sfgi^ samples Huj secoM &igaat selector tfSO js s^jt to altoxv tl>e ou^jiut 
of &e feficosd i FF (>^5 to cmttx.>l Ih*; dme of \%s adi^tafele gam cte!;,m nli) md?'or the 
^ptd adjusteblc gain ckmesst ^3^. IV dnvc coatioN cf tlje adjijstsblg; gam clasnmts 
t>10, t!t35 '?viH ooisvs^t. upon a settrnj^ i« wh)cl) the sigiiai s^ipk ^s upDroximaiely equjal 

v<. hethtr scedw liss obtsia^d fequaicy look wj& ifee imisa^ttci Th&t i&. xt\ mdti 
^'^t th" u\ ^j^v. o »vx^pet'> ^^^fmate ih«? ims&mjtted bn>nirU<»^i * -^^^ xn 

'■^ <nsu <x s \ ! J ? s V aSi>i'^ *<" ioir>s.^ ' ^ 

f r n . xjmo* aflv'> v^^tal adju«;n^k gjjn-j v'lomcn? 6-^5), Syquaioy 
xviu^ the (jai^&mitto^ Jios bcci ohtauxod va'j^>iaUo i caa b? fotmed <it th& Uaic 3«d 
47. 




^4 I 



U |u u ^ ^ o o K r 1' V y I ^> S > i \ i> i t 

Hie ^lucs of fee i t^t a! tog!^t„ermr can &lm K K^fe^Jd i wt^ U^e 
d arac^<5nsfec -sf vt^ ^ '> h <, ^ ^ M <i i*'<r r<Xs iver d am Mo e s^^itsoalH, each of 
ihs com??'*&c« ts '^sH^i it , i> -^Ui m 'vfiKb 1 ooc^it o"? ^'■f the 

^ mte ^1 ithia the Imv^ar mp»t power g^.s of t«e coti'pomrab 

i r nric di ^nvAr-A.^ \ o-s tc the v. vah ^ \<.k1 touhs ^ < r la . ?' ta^c^^) to 

of the otfier msj¥§r dmm* 

i.-.^ u Un n^■'^lo<■^ su'H nOUiv^oves >f*ljeiei,cntdntom«a>oa Ratals. \ 

^xis vO»no cttt<;>ii\ i-io~^ >i uxl by tl-te|Sower oft! e receiver! ntomjatiot? 
- ^iii s TLt. 5oij>e Cv?mpofto», ii^^c Wib average hiic g<tm^m n-~tH^ ot t<issQ% ed 
int ' OS '^5glt*h and <3h.5i>e o. Ik taeix iuisj««ct q^>! >.\-> cLpictcd !>> 
>l e cviiTO 71, U« tnc w -"e compoi e ts s dative tc? ih^ p<m <;r of the tvcen ui 
mifmnMim hi^sl ^ktres^'^e*- as the p o^«r of ^he received %xklom atm* * a^sscs 

^^viouKun f dv,i*«. ^ ' 0 lOvattw^sjijp 00* con v.L<5s<^* t ^vpiM S((f 

t<^nd% Ihi: di%i&thm cm \ ^t mt*^ Im c hem »o ml xed by poxvej of the j>scei>ai 
ii-)«i'*.lsc>j ssgmisN V depjcted h\ tiK t^rsi curv<, 7^ 0 the di&loii cuni^io icats 



^4 3 I O**::^ 



Ob&ervatjon of tlisf Brst curvs I<? ml the ^ecanJ curve 7 ^ ^> revcvil^s fkn tliei e i^s 
«m m(c:n)Cihai« svsijge of tjigni! power 5« fetch Sie Jiojst? mti distoti«'«i com|Xstt«3ats 
reiativt; lo tlie signd power of the r<mved infomi^OB sigsat tmmm«l Arrow ""."^O 
sle{*icts this (ip^m^l rmg<. o^tke sifiiajl po^^er 

E»eh tv,cejvei ctets of a wsitspk diasn recwei bas a ornqus? svt of aoise and 

Ih-v, tioise asid distorUor cwvess c-^i ch^Jige %ikh few lPsmmet«fi s m&h ^ 
remp.rsjttn» aging, fading, eo-chjmaei M«f*,miicv* adpco«£ ctesol mtofcrctKX' 

vjv > Ivd op tm u ! v c of p ^^\ vi v in ^tigt; v \th rmv i% i ■sli^c? r^f tht? 

v\mt*i |jv'»«sao» aossc tti? piw&c X CISC viuU Uk nor luw ^^>UsuHiwn) ol uxc ux^ri^^'J 
Mformaiaa svgmL 

t.K»aoic u<i*iO} c».'ri l>c nWe v>> wCxtjogal ofthocrniets offer wsUpk vjrx> 
Vt> xi^vj^c v^fi^tvi g-is^-SiSjai noise, pbase uoise ami i50tt*iu>cm (dj&tojdon) cti^'actonxatior 
cai W mMc be li^ctomg wiue of the comers of tht. tri«it?p1o cm'jer 5s5gn5*iS< average 
vv ^xtc ^<x> *\i.> <in^ ph Tx>»^c CiUr<xnen'' Ukmx e^n bo nude by zemmg the odd 

^ c xt.4?i^ o? the uudtK>fo c^u \j^uls» FiOJi tl^csc llin.>c c*u»,^o>eii2StoJs* tlio v/tntc 
§cxss5Ka iioisc pi>s$e aoi<50 Aoa-lmfcar (diMcrtJon) cm cxh be *;aduMsd 



ptfket mts ofthif ^1^^^^ ^k^ai ff.ror yi^tiu 

Tht' Sigi^al em*r tan ba us<;d ?n th« dccodi?ig piocesh. ihc R.*:eiv^ki signals. ? 
o\'impk, Ojs; ^.sgjis* error caa vary <iv<5r fejqasss^cy. The vanatJon<5 s an Bs? chatacHWcd 
^■vuh £is:o tmcSi md tfe«a used lar jso^ d^codrxsg of tise n.Wived MomuiiiOB sjgaals. 

As prevto«sly mi,RtiO»ed, the callbratiuTi ofllie sst^sl <j:?ror cm pB>YJdc ;m 
estiaiaEe of Hie sjgsal power co sigiiai error ratto of the recei\ cd Si^iak. rhi?^ raoo <-.aa 
ibeabe used to dei^fminis teopiimai transaiijssioa mssder^f mforni^ioii irau'roitled 1^ 
Ihsi rcrdver That i^. th: ^signal p>owef to mgn^ *jr?x>t ratio caa V- pssof? to dctrntimc <i 
""Stat if^j>>ai''atH\i <od ral«,ap^culai ^ nltr * n * ^ < i Lxte 

Figiuc S slK>wa a tlow diart of st«ps or ^ts isdMed ^^Hlmi emboa^mm of 
the r\x eriu>n This* 0T^iK-*d5m<^l {noludes a n^eihud of rcc<;n ,5 ph?r!*1n% of 

diamjsl Si each tesei^er chaiai«l: cerrespmsdlsg^ te^ a trmsimssioH: <sihss5?eL 

A l^iist 8tcp l<> of the method isciudos t?gshT§coiver channel j^ccivmg a 

A secoad step mc1«des adjiiMmg a& ^aplkisde of c^ch i:sceivsd iafomatsou 
sjg3*al v?ssc«mtcd sadi tecdver d^anael so smpHtudes «jf ^1 the received 
?5i*o;r ja.'iiY'i sigTi^.K ^5re a.^ ^Toat a« |x>j5?ibk\ xvhllc sstdi mastitaming a tsrgot kvel of aigasJ 
Oifor o* i^oc^i t^c icc<?jvcd mf»-^m5atior siga^lis 

^5i,^S5vJ S jdV\^ ^ is ."tov^, cIu^sl t < tt Ntc o M S s-if at^oti ci ^ >ixboc. At n ot ih 



A firr: *>;0 locludes each rscdver disBBei receiviag the coii-esiKsiidlug 
-20- 



A tlBtd sk'p 930 mcMes further adjustmg mi ^mphtatlt? eiu,'k i\>:etVi,'d 
infonnsfea sigjiai ass<3^iat€sd wttli each receiver cliarmol so a sjgii^st error asjsocut^ kh 
eadi of ihe mform^s^ioj^ sipials is appmxms&ldy equal tsr escb c^f Use $-«c«civ«d 

A*tHoi.']-i ^pectile cnibadjius^vs of tlv wcnjon lu>.^ hsceii iJ«?ctiK<i -sad 
parts ^0 4ocs ^.ouJ sUhI sIiunIj <tta? Thv yivcnt5v>-;> i? Itjouui <.>nl> by Cic civuv-s 



^4 3 1 v$5 (s-^^::^ 



I A aMbod of recemsa^ a|>tolit>- of mibjtrauon signals at s-ecfcu<^u tJio mKnaiALOu 
sjgsisis each trav^slkg through a TOm!!s.|JGncljtig tsm^samsjoa cfesMisL J&e rec«h sr 
comptismg a pltsraHty of receiver chsjsnek a weivot cham«l cotT&jfC^odtng to oacij 

<''iiu-^i >^ om;-iS»t\(j'- of «Ach txct'ivcd ml«-^rn«^ > i - il . -sooak^d vv5t^ each 

so tfe^t tb^ signd errors of «ad\ of tlje rccesved infomialion tx^mlB am apps«s.i3)-i»l«1 v 

The tmih^d rccnviai: a phJK^Hty -^f mfoTmalioa sigt^ 3t a receiver of clafci 1 , 
fwtto CJ^mpniiijng s^gnul proccssmg tbo ?mi?Ht?ide adjmted received iafomiadoB 
sigsi£sls for esiabltsig m QH&ms^iosx of a tcceivsfd mtbsiBatioR bit ^re;^, 

\slH-i,jr u o^>,uai ,vo( u-siru o,.»uf piOCC$st% ^jna uot^-iv^iuiutson that 

S< Tli^nietliod af teceiv«i|', l|>lur^^«ty t>f m&«matJOfi signjsljj am;onsr of cia^iri X 



7 Tke method ot tsceiv mg a pimalitv of mfonvaiKm &%aa.ls >it j rcccn c? o r *.hu>a f^f 

sc n ,t ^i^al error of each of t^e iccciwd mfenxmiio« sj^mh is ^^ppioxHSu^dv 

so Ib^t the 'Si.yn^ e«ot ot\*acb of ti^e yecdved ij>fottiiatioa sjgaah ii* aj>psx>\imatv'h 
eqimlis a dt^eiMMsd target 

1 0. Tfetf tnetiiod of sorctvhg plursliJj' «jf inform«.iiosi Sigaa,1s at a axci?cr of dam^ « 
wliemti the target emss iS dj'Bamic dcpsjschag up^m ssi^ t?m5r 

1 f The methi-u v> u tx <r^ t dav '^no -^n J k.« signals at a tecch ei 0f 10, 

s- M f f v'-stc. .m<Mhc<!j&»iaOiUCi-otvrKr iv' KklsUmaltv used 

i3> rhe m^tW of txxexvmi, plisr^lsty of Motmatioa si^sl& 4t a recmct or chum (x 
^\h&t^,k-i the tv^-'fe? refa:eiic« ttio dijiiottion, refeiome am SildUiotfeiiiy tsj^ed for 
ai^mg m selevtico ot u i??a5jm..i>jsJ0Ji avodo of the mlborisuon sstgtial?. 



at ieast oao &wb~csmei of ^ht- teemed multipk cam«r sigaais js m!lk4 and Ibe no^sc 
refojxacc m4 tbe di'^totiiofs reteteacc of each lecosvor ctend gf;? c&t5.«>«tcd (H.^-^ng 

15, 1 m -awthoA or jecon mg ap1ar<*|in of mfomiafe0is Si§s.ul£ at a tecc fif claw 6, 
svlK-f V ^ iXv ^ n into iftvWrs ^Jgtmb ^ mxjltjple corner ■,u^\uh. md c^hhtstn^ 

vs,hsmu the n;cen ed mtotmatwu sigaals asx' rmilti^te sigua.K and cahbi&nag 

STMsailtlcr of the isform^jtmn ^ssga^s b> esttst^mg tiie ttOise rofue»ce md Ssimixon 
tefeesice ^^f v*sc!3 receiver chMsicl 4im»g a ^wetl ssub-Ck^iTier- 

b<rrs sr ti-'c ^ttf "bJvK'^ a>l Ktm<Tt\ of the recesved tnibmtauo ^ stj^u^ls s pctfomicd 
h \ i 4^ digitally saiJ«pied^ aasl dlssr rssqen'eit 

«#acli ireccivvji c^^*nlKH Kccivmg the comjs?;|5ondj% inforj^uboti s!g«ai. 



vi i\h each of the wfbrtuatloa siga,^is is ^ppm^imate^y eq^ul ll*? rsch of t ecctvtd 

1 9, The Tpeihod of r«eiviag a. ptebtv of isfoniialioM «iig»als» a nsceuei of cl^iiu IS 
immr c(m$immB each reodver oteiid hy tusozmmg a nojss? rrfsa^eT^ca 

<^rv.1 disstoftioa fcfence for mihni, m fee cslHtmtiosi of iks t«cd\ &d mJo«mmou bu 

%\ hci . ^ ho -1 u.<i1 V. £tot is estimate by summijig ifee soisc ys?&rsare m& Cfcs? 

) . T^ie^ xaethod ai^ recen^^g a nlur>^ity of mtbrm^tjos signals 4t a K.cm of (,kun 1 «>. 
wlierem ampM^ ol the recesvcti ij>feiatio« sigsjals s«e aMtomliy aduisstssi 
so tbsl tfae Sigml «XFOs ftf <^cli oi rcmvcd aifonn^io^ si^ls i« ^^psoxmiaicly 

■^?<rm-'^'io^mtoco»M.^t <'>>»^t Ijt-v 0.' Sfiiom&nsjtn signal- a \.ci?>'ic^ot ^1 ' 
, 1 -v H t T<.M i ( !i in t\t-ioxijxfemio^a5vaddstoimti'\ u&sdior 

v!5vi i Ks-^s ' id Uk < sio oc>^ K OK^ w i< \ o 5fP^ red 

aiuu% seVv-iUMi ot a icfastrfSNsoo if-5ode ot tut. uxfo ift fa n3«>) u > 

V buc^n -^vcejved »ammtion m^ah mttlupie earner sisjuls. M\d c^hbmaag 



fhe a'c^^ptioii of the nulla! 5!ab~cirn«r 

e«clj receiver cfeaoiiot assc{SJS5|>Hsi3ed before? mvn ii. plmo-lw-feed to a 
iraasmitier of b^xmatioa si^^ls by esiJSuaMg tbc noise txjfer«j4c« aad distontost 
rtikrejicc of «?sc!j rccesver cn^sel dtmng reception of >i seto tiaie slot, 

26 The itSx^H'^ii of rvicep i plus ^l^tv ,n uKxinnaa A n txv&t\ ot r k^^^j iS>\ 

refotnc>; cacb kc<?}\s£ t.5^a\uj;1 <2u:u)g a <Hr<,vu ^ub-..r-v^t 
27. Tbe m«?tiio4 of receis i»g a plumlsty of mformaltoa ^^xals at a rec*,n .-j of <. I ^ 

;:J8 'SM ms-feil of Teoesvmg a pMity ot bfesmsatoa sigsisfe ^ 4 receiver of dawa I 

ctosctoii^ioiis of tfee aoose referrace mi xht^ distomoB refermce. 

M n vn.^t:x-^dofi\x-i;nvlagaj^Uk£i1uvv>{mioaB.m{m j'-x?) 'K* Ust.>so V3 ^ 
wncreui ihe Signal mor associated \x uh e^ch ilK lutbuivitiot} ^Jj^t. is> -^'^^^^^ ^^"^ 



v,h&i>.''Ki i*K «v\-'tvnjtvO ujjj^c <^i<>t ^ Juik jb <3\x-3a. <„>.'liv adiu^kV depend? ijnf. ^ 
ciiar<HtetiJ aliens iha Htn&c }s^^^5«^c<, dxid the a^^toiUu-^ rcfei^oce 

^elkeace IS dctemiim*d hy zmixx\$ odd toa^s of the mU^^k csiu<;r ^igrals. 
^\ The reetb-od oCrcceniag a pSutalttv of mi*»mistK>i> «t%nal^ ^ wssIvo-^H' claiOi 
cau ler !!fign,al% and fctioi«^i rvtevTcci^ dote.ixuued bj .Steromg ,^ix.>r*h<? amllt^lc 

of noise «.ad totoioft ox-st a ^lismMy cjf to^ jimssvals. 
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ADJUSTING AN AMPLITUDE OF EACH R5CEiV£0 INFORMATION SIGNAL 
ASSOaATEO W!TH EACH REOE^VER CHAMNEL SO THE AMPUTUDES OF 
Ai L THE ReOEiVED INFORMATION SIGNALS ARE AS GREAT AS 
^^OSS^BLE WHILE STILL MAINTAINIMG A TARGET lEVEl OF SiGHAL 
ERROR OF EACH OF THE RHCEIVED INFORyATtOH SiGNAlS 
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ADJUSTiNG AN AMPUTUDE OF EACH RECEiVED 
iNFORAMTION SIGNAL ASSOCiATEO WITH EACH 
R?=C£1V£R CHANNEL SO THE A^VIPUTUOeS OF ALL THE 
RECEIVED IMF0HMAT10N SIGNALS ARE APPROXH^TEIY 
EQUALTQ A MAXIMUM TARGET LEVEL 
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f\ IRTHER AD.l:S"'NG AN AMPLiTUDE OF EACH | 
RECEiVED INFORMATION SIGNAL ASSOCIATED WiTH i 
EACH RECEIVER CHANNEL SO A SiGNAL ERROR \ 
ASSOCIATED WiTH EACH OF THE iNFORMATiON 
SIGNALS IS APPROXIMATELY EQUAL FOR EACH OF 
THE RECEIVED INFORMATION SIGNALS 
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